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A b8tr & Ct: Volca nic clo uds in Kyu 8hu, Japan in N OAAJAVH RR andother 8ateuiteim age s
w e r e & n aly2ed du ring Au 印 St-No v e mbe r 1989whe n the air ponutan七色 COn eentration
m e a stl rem e nt W a s C a rried o llt at 七he Un B5e n- Nodake(1142z n), T he re sults CO血 m thathigh
c once ntr ation ev e n七白 Of S O営 W e refrequ e ntlydetected becat w e of the hng- r a nge tra n印 Ort
ofv olc amic ga s丘o m the Aso and Sa上u r由im aVole a n o e 8. Dete ctability ofv e ry 也in do u血
a nd a e r o s ol fro mv olc a no e8 a r ealB Odi8 C n S 紬d.
1. Ⅰ 血 dⅦ ction
T here a r e m a ny a ctiv e v olc a n o e sin s o uth- w e stJapa nbelo n由喝 tO the w e8t･Japa n朗 e
v olcamic belt. So me oftlle m ej ct ash clo uds a nd a e r o sol, a 8 0b8 e rt,ed by e a rth ob昏erV &tion
8 atellite s 母u Ch a 畠L A NDSA T. T he N O A A8 aterute 8a re 8ffe ctiv ein dete ctingthislarge B C aL3
exte n sio n. Thu s, the diBPe r8io n ofv olc anic clotldB m aybe r ega rded a str a cer expe rim e nt8 0 n a
glga ntic 8Cale whichpr ovi deinfor m atio n o nthe atm o 8Phericdynamic s 0fllp Pe r a nd bo tl nda ry
18ye r B.
In tl血 r epo rt w edi8 C u 自白the detection ofv olc a nic clo u由 a nd a e ro 8 01 in N O A 〟A VI王R R
data a nd other s d ming An卯Bt-No v ember 1989, when the air pollutant8 C OnC entm七ion
m e a Btlr e m e nt W 8 8C arried o ut at the Un 2 m- Nodake(1142m). In I,hi8 皿 ea8 W e m e nt[1】, m a ny
highco n c e ntr atio n e v e n由 ofSO丑 W e r efo u nd, w hich w e r epr obably du e to the long- r a nge
tr a nsport Of volcanic ga 尽 fro m th¢ Aso a nd Saktn
.
ajim & Volc a n oe8, a 8 infer r ed fro m
m eteor ologicalc o ndition 臥 It m u 8tbe v e ry valu able to Bttldy 8 ateuiteim age s 0fv olc a nic cloud8
which m ay w ell be a co mpamied by v olc a nicga s. In a re c e nt w o rk【2L w ehave a naly5aedthe
m o ming 血ta ofN OA A1 0/AV T m Rpr ocessed byJapa n We athe rA88 0 Ciatio n･ He r e w e e xtend
the a n alymito an rele v ant raw data of N O A A-10a nd ll du ri喝 thi8 period ar chiv edby th8
h8tit11te for h du 8trial Scie n ce, Univ er8ity of Tokyo[3】. T here are fou r op po rtu niti朗 for
obs e rvation in a day, taking al鴫 ether the de8Ce nding a nd a8C e nding paths Oftwo N O A A
8 atellite 8. We als odi9 Ctl 朗tlle 8 atellite dete ctio n ofv e ry thin AnudB a nd a e r o 8 01eje ctedfro n
v olc a n o e 8 afte r ab riefintrodu ctio n c oncerning their･a ctivitie 8･
2. Volc 血 & ctivityiA KytLblm &nd 恥 kp I 血n由
Let u8 briefly d由c u 8 8 VOIc amic a ctivityin S o uth- W e 母tJapa n(S e eFig･ 1)【4]･ Amo ng the
volc a noe Bin Mainla nd 恥 8lm, Mt.Saknr ajim ai8 the m o 8t a ctiv e o nthe a v e r age, with a sh
clotld8 S O m etin e8 e ‡ce eding100 km 阿 . Sin c ethe y組 r Of 1972, v olc a nic plu m es ha v ebe e n
eje cted alm o std ai lyfro m the Su m mitc rate r(1040m), mixed with o c c a 8ional bige ruptio n 8･ T he
pl11m e 畠flo w a七 altihlde 8 a r o u nd lOOO･2000n , depe nding o nthe eje ctio n 8tre ngth a nd wind
velo city, with a v e rticalthickne 88 0f 200-800m ･ T he patte r n of ho 血 ont81 di8pe rAmn i8
8 e n Bitiv eto the v e rtic alpr ofile ofwind dir e ctio n a ndv elo city･ Ty picalpatte r n 8 0f diBpe r 8io n a re
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a 8fo llo w 8:
(1)Lin ear adv e ctio n with B m a皿 8pread u nde r8trOng wind, a r o u nd o r o v e r10m/8.
(2)W ide a ngle spr e ad offa ntype tinder w e ak wind with la rge v e rtic alShea r.
(3)Bel七typediBpe r8ion llnder m ediu Jn Wind withinde丘mi七e she a r.
So m einte r m ediate patte rrLS a re also Be en, 8u Ch a 8I,he nar r o w a ngle o r c o nicalty pe. An
e xtre m eEmit ofc a 8 e(2)i8theflatplatetype whe n the wind i8 alm0 8t nil. In m a ny c a 8 e 畠, the8 e
featt u e 与 a r e W ellrepr odtlC Cd by a v e rticalshe a r m odelwith up pe rle v elwind data a 8inputB[6].
A80 Vobano in centralE:yu 8hn w舶 Very active
血 ring Jtl n e 1989-Ja n tl a ry 1991. Volc a血c clo uds
obser ved in the 関.tellit.e in age 8 W e re With 8 Cale 8
c o mpa r able to o r 8 0 m etim e 8 e X C e eding tho s e of
Saku rajim a Volc an o. Espe cially, in I,he atlttlm n Of1989,
he a vy a Bh･ihlLB 丘om Mt.A8 0 8 eriou 81y dam aged
a 酢ictLltu r e a nd badly affe ctedtz
.
a丘 e in8ide the cal de r a
a nd it白 n eigh boring regio ns. 工ti8 quite pla u 8iblethat I,his
v olc a n o was & nimpo rta nt, 8 0 n r C e Of S O皇 Obs e r v ed at the
Un ze n- Nodake(70 knw e 8tW a rd fr o m Mt. Aso).
A bigtopic r e c e ntlyha sbe e nt.he e r uptio n of Un 2X!n
Volc a n o 8ta rting &o m 17 No v e mbe r 1990, a nd the
pyr o cla如ic 且o w 白&o m the Ftlge ndake lav a do me fro m
M ay 1991 u ntilthe begin ning of 1995. T he re a r e m a ny
data ･ of a 8h clo uds Of lO･40 kntake n by the r e m ote
8e n8ing 姐 telhte e. Ⅱo w e v e r, in 1989 whe n the air
polluta nt8 COnC entratio n m e a 8u re m e nt W a 畠 C amied outat
the Un ze n- Nodake n e a r-by, Fugendake･ w as q山上e
dor na nt wi tho tlta ny effect.
IIlthe Ryukyu I81a nd8 s o uth of Kyu 8hu, the re a re
m a ny v olc amici81a nd8. Am o ngthe m, a white SpotOfclo lld
w a s Ofte n B een abov eI,he v e nt, of Sat8 u n a-Iw ojim a
Volc a n o, indicating that the v olc a n o w a s C OntinLLO u81y
ejecting white ph n e 8 Which w e rediminished in the dry
air. As forS11 W a n O 8 ejim a Volc a no, 8 u Ch a white 叩 Ot W a s
rarely s een .
In 8te ad, it o eca 8io n ally be c om e s V ery activ e ejecting
plu m e 8 0fc o nsider 8ble 魯Cale. Ho w eve r, during the te r m
Augu 8t･ Nove mbe r1989, thele v elof i七日 a Ctivity w 8 8 n ot
8 0high, wi th8hortplu me 8in NOA A data[2】.
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Fig. 1. Pr o min e nt a ctiv e v olc an oe 8
in KytLBhu a nd Ryukyv lsla nd8.
T heldi8ta n Ce 8betw e e nthe I.hr e e
m o u ntain s a r eindic at,ed in km
.
3. S&telhte 軸 ry ofv olc &血 clotLd8
In ge n e ral, v olc 8mic clo uds a r e C O mpO 8edofvolc amic a sh, w ate r v apo r a nd othe r chemic al
8 ub8ta n C e S S u ch 8昏C O皇
,
S O皇
,
E Cla nd li2S･ Duringthedo w n str e a m8dv ectio n, coa r s egrain ed
a she sfallofra nd w ate r v 8PO r8 e v apo r atein dry air, btlt V e ry丘n e a she s a nd a e r o s ol f8ulfuric
a cidc onv e rtedfro mthe o7Eidatio n of S O皇in the air r e m ain, TIleyfo r m v e rythin tans ofv olc a nic
clo ud8. On the othe rha nd,in the c a 白e Of w et air, v olc a nic eje cta m aybe S ubje ct to rain o uta nd
w a 島h o ut. Ho w e v e r, in the s atelliteim age s With m a ny 8 erie 8 0fc u m uln 8 Clo uds O nthela nd,
v olc amicplu m e s a r e Ofte n re cogniz ed with B O m e What vagu ebo u ndarie s a nde xte n 8ion 魯 O Ver the
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βe a. Thu s, the spatialpatte rn and ge ographical8itu atio n a r eimpo rta ntin the dete ctio n of
volca nic clo ud8 a nd in thedistinctio nfr o m m et OZTOlogicalclo u血 Ke epingthe s epOint8in mind,
let u 8 di8 CtL8S the detectio n pr oble m of v olcanic clo uds a C C O r血1g tO the w a v ele 喝thofthe
姐tellite B e n 8 0 r81 T he ho n ep喝 e OfSiN G- K 喝 0 811 - a 8ho w 8 畠e V e r alc olo r
.
in 喝 e 8 C O mbining
di 飽rentba ndB[7].
3.1. V1
'
&1ble, N [Ra nd S 搾コ芳 1
'
m &ge S
In the daytim e 8 ateniteim age s, the v olc a nic clo udB 由pe a r a 8 r elativ elybrightobje ctsin
visible, ne arin血a red(N IR)a nd als o &ho rt- w av ein&a r ed(S W IR)in age 8. Thick &8h clo ud8 a r e
e a 8ilydete ctablein allofthe 8 eba nds, bllt thin a sh o rfum a r olic ph m e8 a redi ncult to B e ein
NI Ra nd S W I R ba nd8･ T he thin v olc amic clolldB a r e 8 0 m e What tr a n spar e nt in the N IR ba nd,
and r elativ elyin B e n 8itiv eto theS W IR ba nds. Difh娼 edclotLd8 O v e rthe 与e a, ho w e v e r, a r e ofte n
dete ctable e v en in S WIRbands. The B e n 8itivity of S emi-tr anspa r e nt Clo uds a CO rding七o the
w a v el ngth m ay provi de info r m atio n o ngr ain 8iz e di8tribtltio n. Fig. 2(a) Bho w 8 a
L A m S A Trr M-1 im age OIL21 No v. 1989whe n ala rge a ngle spr e a且 of th in v olca nic clotld w a s
obB e rved fro nthegro u nd;the data valu e8 0ftheT Mbands a re 8how n alo ng the 止n eA B.
T he dete ctio n ofthin v olc amic clo ud8 o v e rla nd is di皿c11t in tileN IR ba nd be c a tJB e Of
Str o ng r e且e ctio n血o m v egetatio n. On the othe rha nd, the visibleba nd with sho rte r w a v el ngtll
i8 m or e8 en8itiv eto thin clo uds, Sin c e v eg tatio n ap pe a r s a 8 ad .rk ba ckgr o u nda s 8llO W nin Fig.
2(a).
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Fig. 2. (a)A L A m S A TPT M-1im age of a Saku r ajim aplu m e O n21No v･ 19 89･ 0) The data
valu e s 0f T M- A 8 e n 80r8 alo ngthelin eA B in(a), whe rethe cha n n elnu mbe r ai8indic ated in the
graph.
3. 2. 乃 ez･m &1 血ageG
T hick v olc a nic clo -1d8 a r e r e COgmiz ed a 8 c oュd objectsin ther malin血a r ed(TIR)im &ge 80f
N O A 〟A V ⅡR Ra nd L A N D S A TPFM 8en80r 8, a 8 the 8t ufa ce of v ol飽 nic clo ud be com e 8in
equilib riu m with the a mbiezlt atm O革phe r e &t altitude s of abotlt1
-3 kn ･ Se mi-tr 8 n 8Pa r e nt
clouds als o 8hieldpa rtiallytheinfra redr adiation fro mthe S u rfa ce ofthe e a rth･ The8efeatu r e 8
a re c o m m o nto day a nd.血ght tim e obs e rv atio n s, 朗 peCiauyfo r clo uds e xte nd ing o v e rthe 8 e a･
The A V E R R13 im age8 in the m ediu m in fra r ed ba nd, 350
-3930n n
,
als o e xhibitSi mi la r
prope rtie s atmighttim e,in co ntr a 8t tO the daytim eim agesdo min ated by s ola r re且e ction ･
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Fo rthe N O A A-ll data
,
the Split- window m ethodtakingthediffer e nc eof AV ⅡR R-4 a nd 5
m ay be q 8 efu 1 fortiledis cri minatio n of m ete o r
L
ologi(血 a nd v olc a nic clo uds, a8 C O n血 m ed in
血ytiJneim 8ge 8u nde r v a riot18 C O nditio n 8【]. ThisiB dtletO the diffe r e nt 8pe Ctralprope rtie 8 0f
t,he clo uds a r o u nd lla nd 12FL m, Wh ile furt,he rdistin ctio nbetw e e nlit.hicdu 如 and a e ro sol f
8ul fu ric a cid in the volca血c clolldsi8 notpO 8 8ible.
The abo v e m ethodB､are u s efu lto 8tudythe e xte nsio n of volc a nic do tld8 o v e rthe B e a.
How e v e r, dete ctio n o v e rthelandi8 n Otalw ay8 e a 8yin the the r nal ba nd be c a u s e Ofthe n on -
tmi Lo rmity, the de c r e a s e Ofte 皿pe r att m 8t night, a nd the 8im 血rity of ba r ehnd. with a sh
cloudsin the Bpht- window im age s.
Finally, let u 8 mentio n the dete ctio n ofthe r m al a no m alies due to volc mi n in Ti R
in age 8･ T he L A N D SA T･5/T M-6 8 e 凹 O ri8 u 8 efu 1 both in daytim e a nd nighttim e with 8
r e B Olntio n of120m
,
altho t1ghitca n n ot m ea畠 ur e Very highte mpe ratu r e s abov e a S atu r atio n
li mit of abotltTo℃ . T her e ar e aho pr oble mさ Ofc alibr atio n a nd abs o rptio n c o r re ctio n du eto
v apo r s abo v e a v e nt. T he 8Patialr e 8 0htio n of N O A A/A VIIR R8e n的 r With 1.1 kn atbe母ti8
c o n 8ide r ed･tobeto opo o rtodete ctther nala n o mal ie8 ･ Ho w e v e r, w edid find 8e V e r a1Single pix el
a n o maliesdu e to volc aniB n(8e e4(ii)a nd Table1).
4. 軸 SO2 C On Ce 71tr &tio n e v e zlt8 & ZLd N O A A in 岬 8
WhB n the air polht8ntS
c o n cc n土r atio n 皿 e a 8tlr e m e nt W a 8
cBLried o ut at the Un zen - Nodake
during Ang. -Nov , 1989[1】, the
c onc e ntratio n of 8ulfur dio xide
r e v ealed the BtrOnge 8t tim e
v a riatio n e x c e edingthe ba ckgrotm d
le v el, c o mpa r ed with othe r
co npo n e nt8 8 u Ch a 8S od
-
a nd Ca 叶 .
The latte r tw o exhibited po sitiv e
c o rr elatio n with S OB,in a c cord with
v olc amic origin . The SO皇
c o n c e ntr atio n ha s been mea 8 u red
abo at A8 0 Volc a n oMⅥ8 e t n(1150
m). T he highco nc entratio n ev㊤nts
dete cted the r e w er attri btLted n ot
o nly to Aso Volc a n o wi 比the
c r ate r a七 3 kn ea 8t btlt 81BO tO
SakⅥ r&jim a Volc a n o at 150 kn
S S W[9]. Sin ce v olc a nic plu m朗 te nd
to ke ep th 由 altittlde8 during the
8dv ection
di8pe rBio n
gr o u nd【5]
m otlntain
without, m u ch ve rtic al
a 8 Ob8 e r V ed fro m the
a nd air cra糾1(礼
尋ite m e a B u r e n ent8 a r e
go odfor dete cting theirlo ng- r a nge
tr a n8pO rt. In the following, w e
di8 Cu B 8the S O皇 CO n C e ntratio n s at
the 8 e 8tatio n B tOgethe r with
Table 1. Volcanic doud8 at Aso and Sakurajim a, with the
dire ctio nDiち 1eDgt hL a ndthety pedenoteda sLin. , Leng, Belt,
Conり Fa-1 and Stag. for h e ar or long adve ctio n 8, belt ty pe
di印 er8io n, s n aila ngle di印 e rBio n of c onic al ty pe, fa ntype
和 re ada ndstagn atio n, r e spectiv ely. The n a rks - a nd Xdenote
ca 8 eSwithotlt Sign al, a nd t n obs er yable 現 Se SdtletO Clo ud
cove r age, req)e ctiv ely. T he m a rk * de n ote sther m al aho皿 aly at
the v e71t in ch. 3.
Date JST
S8ku r ajl 阻 As o
D ir L Ty pe D ir L Type
9/1 0 8:16 NY 12 5 Lo ng
1 9:34 Y 8 4Lin. Ⅹ
9/1 1 2:45 N 甘 8 2 Lin. Ⅹ
7;53 N Y-N NW 12 9･Lo ng i
ヱ
1 4:10 N 8 2 Lin.
1 9:ll NW 6 2 Fa n
10/2 7 7:2 3 Y- S甘 4 6 FaT) YS甘-S SW 51 Fa D
10/2 9 8:18 SS Y- SY 8 6 Lir). SW 4 4 Co ll.
1 4:10 S W- SE 2 2 7 Belt S Y 5 0 Corl.
1 9:30 Y 12 5 Lo ng
10/30 2:3 5 - * L - *
7:5 5 E- Ny 6 5 Lirl. N E- E 5 3 L in.
1 4:00 NN Y 23 Fa n N E-E 9 3 Lo ng
1 9:1 3 NW 77 Fa n - I
ll/03 1:5 2 - *
8:06 甘-S SW 2 7 Stag N E 4 6 L in.
1 3:16 NY 20 FarL 冗
l l/04 1:42 ⊥* - 辛
7:4 3 N 39 Li†1. NN E IO 3 L in,
1 3:06 NN Y 18 7 Lo ng NN E 2 13 Lo ng
1 9:01 NN Y 60* Lln.
ll/0 5 7:21 N 18 Lin . N E IO 2 L in.
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8atelliteim age s.
In Augu st, the r e w e r畠e Veral highco n c e ntr atio n e v e nts ofSO2 wi tho n eho ll r V alu e s
e x c e eding30p pb at tw o 8tatio n 臥 Eo w e v e r, c o r re8pO ndiI噂im 喝 e databy 8ateniteB Wer e n ot
obtain ed be ca l 鳩e Ofthe clo ud c o v e r喝 e and the la ck of p od timins, tho ughthe r e w er
sakt u ajin aplu m e s e xte nding m ore th n 100 km o n othe rdays.
During Septe mber- No v e mbe r 1989, the re w e re 18 m oming dat& of NOA A-10,
LAN D SA T-5, M O S･ 1 and S P O T, which w ere rele v a nt to the high conc e ntr atio n e v ent8 attw o
Btatio n 8【2]. In addit o n, w e fou nd altogethe r26c a ndidate 8 0f N O A A-10 inthe ev emingplu s
NO A A-ll in the mi dday a nd mi dnight. He r e wedi畠C n鴇 thr e epromin e ntgr o ups 0fthe 血 色8
listedin Table1 with 19c a ndidate sand othe rin 喝 e 8.
(1)Septe mber 10-l l9 C eD e 3
In the 8e day8, Kyu Blm a r e a w a s at, tlle n O rth･ w e 8tbo u nda ry of the P& ciLchighpr e 8 8 u r e
syste n withtypho o n 8No･19 in S Wa nd No.20 in S Ese a8, a 8 8 e e n缶o mthe geopote ntial height
a nd wind 丘eldat 850 h Pa 8ho w nin Fig. 3(a). The m e80 -8Cale w eathe r c o nditioz w w e re
r elativ ely 8table, a nd i自e ntr Opicfor w a rdtr aje ctorie s Sta rtingfro n Mt.Saknr ajim a at1500孤 at
9, 21 JS To n1 0Sept. a nd 5 JSTo nll Sept. 母Ⅹhibited 8i mi hr bellavio r, wi ththe Sta rting
dir e ction atW N Wand N N W, a nd the n c u r v ed 81o wlyto w a rds N E:a BinFig. 3(b). T here a r e six
N()A A im age 8, allwith v olc a nic plu n e 8fr o mSaku r ajin a, a s 飢1 m m 8 ri3Zedin Table 1. T heir
dir ectio n s a nd the cu rv ed 8hape8 aLre C On8i8te nt With the com puted trajectorie8, and the
dete cted 8 Cale 8 0f abo tlt 40-130 kn are e n o ughto s喝ge 8t their effe cts o n high S O2
c o n centr atio n o nll Sept. Sho w nin Fig, 4 in tw o statio n 乱 Fig. らillu 8tr8te8 N O A 〟A V E R R
im age 白 at7:53a nd 1 4:10o nll Septe mber. W e c an8e ethatSaku r ajim apl11 m e 8in the 阜ein agc･8
are in a c o rd wi ththe tr aje cto rie sin Fig. 3(b). On the other hand, plu n e占fro m A80 Volc a n o
w e r e n ot obs e r v edin NOA A im a酢'B, pa rtly be ca t 鳩 e Of the clo-ユd c o vor age. The llighS O2
C o n centr atio n o n10 Sept. obs e r v ed only at A8 0 Volc amic MtIS e u m m 氏y be attributedto A8 0
Volcan o a sinfe r r edfro m the w e stw a rd dir e ctio n of Saknr aji皿 a ph m e.
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Fig. 3.(A)Ge opote ntiallleightand wind 丘eldat850 hPa at9 JSTo nll Sel)t･ 1989･
(りFo r w a rdtraje ctorie 8fro n Saknr ajim aatheight1500m a nd startingtin e 8
indicated in the gr aph for24 ho u r s.
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Fig. 4. On e ho u r valtle 8 0fthe
S O2 C OTLCe l止r ation at Un 乞e n-
NoddkB(s oh d lin e) a nd Aso
Volc a n oMtw eu 皿(血tted line)for
9-1 4Sept. 1989.
Fig. 6. N O A A/A V H R R im age8 0n
ll Sept. 1 989.(a)ch. 1 at7:53.
(りT he difference of r a w data
v ahl e 8 0fch 4a nd5 at14:10.
8 8
5 B
4E)
3 8
2 8
1匂
8g 8- 舶 溺ト1 a ∝ト･1 1 四-1 2 B9-1 3 怨
-1i)
(砂 伽tobw 2 7-30B e eu2e S
Ve ry high con c e ntr atio n s Of SOB atboth Btatio n 8 0 n27 Octobe r, Show n in Fig･ 6, a re
evi de ntly attri buted to Aso Volcan o, be c8tLB eOfthe ea8t Wind 血e to the ty pho on No･2 8
appr o a ching Kyu Bh1 fro m もhe B O tlh･ T he N O A A-10 datain th i8 m o r ni g e xhibited w e stw a rd
difhBio n ofplu 皿 e 8 abo tlt 50 km both fro m A8 0 a nd Salmr ajim a Volc a n o e s. A白 the wind
dir e ctio ntn r n ed 血o m Eto N Ewith the a s c e ntOf thety pho o nto the e a 8tqf Kyn 8hu a ndthe
ppb
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Fig. 6. A8in Fig. 4 inthe e nd of Octobe r1 989. Fig, 7･ T he N OA A1 1im age s at14
･
･0 0o n29
0ct. 1989.(a)A V E R R-1.
仲)ThediEe r e n c e a sin Fig. 5(b).
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appro a ch ing of血highpr e細 ur e 8y8te m fro m the w e st, the S O営 C O n C e ntr atiD n B Of botl1 8ta七ion 8
o TICede c re a BLedto theba ckgr o u nd le v els. Then, a sthehighp
■
res8 u r e 8y8te m m o vedto the east,
the wind dire ctio ntu r n ed 8 0 uthto bring v olcanic ga sfr o mMt･Saknr ajin a, re sulting againin
high S O皇 C O n C e ntr atio n 8 atboth 8tatio n B･ T he N O A A data on the s eday8･a r ein ac co rd withthe
abo v ein spe ctio n a sl地 din Table l･ Fig･ 7 ilh8tr ate Sa C O 皿pari8 0 n Of.viBibleba nd im age(8)
a nd the split windo w m ethod ap pliedto the r a wdata(b). We 8 e ethat the v olc a nic clo udB fro m
Mt･Saku r ajim a a r e v e ry zn tl Ch e nha n c edin Fig. 7(帆wh ile athick clolld fro m A貞o V.le a n .iB
n ot･ S ugge 8tingthe w ate rrichpr ope rtie 8･ T he e nha n ce m e ntofa sh- richclo ud i8 al8 0 βe e nin Fig.
5O) in c o ntr a st to mete o r olglCalclo ud8.
(l
l
ii)No n LZ2be r3158 C e D e S
A tr a v eling high pr e88 u r e By8te m ap pr o a ched Kyu shu fro m we 母t O n 写 No v e mbe r,
r e 8ultingin flatplate ty pe Stagn atio n ofv olc a nic clo uds Ov e rMt.Saku r ajim ain the mo ming,
andSlo wly pa s 8 ede a stO nthe n e xtday･ T he n 8 011the rn WindBdo min ateda nd co n七in ued 血 the r,
bringing v olc a nic ga 8血o m Mt･Saku r ajin a a ndre s ultinginS OB CO n C e ntr atio n 88ho wn in Fig. a
T he r e a r eNOA A in age 8 With Saku r ajim aplll m e8 B u ck a 8 Bho w nin Fig. 9. f[o w 8 Ver, the r e a r e
cle ar sc e n e8 0fv olc a n o e 8 Witho tlt phl m e昏 a Blisted in Table 1. We 8houl d be a rin mind that
tr a n spa r e nt ga S with high S O皇 CO n C e ntr atio n mightbe eje cted in S u ch ca 8 e 8. In 8uCh cle a r
8 Ce n e Sat nighttim e, hot 8POt8 a r e B e e n atthe v ents Ofv olc a n oe8in ch. 3 a8illdic ated by the
m a rk* in Table l･ Fig1 9 Bho w 8 a nA8 0plu me exce edingthat of Sah r ajim a, blltdir e ctedto
N E witllO lltaffectingthe highS O乏 C OnCe ntratio n 8in tw o statio n 乱
58
那
58
へ
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Fig. 8. ABin Fig. 4 in e a rlyNo v e mbe r. Fig. 9. The N O A ん11/AV H R 払4
im age at13:06on 4 No v, 1989.
6. Conch d 血gre n a zb
We ha ve fotl ndthat the dire ctio n s 0fthe pl11 m e 8fro mAs o a nd Saku r ajim aVolc8 n O e 8
fo u ndin NO A Aim age 白 a r e Wellu nd.e rsto od bythe wind 丘elda ndtilege OpO七e ntial heightat850
hPa, which a r e clo s ely r elated with the w e ather cha rt o nthe grotlnd･. As for Saku ra3
'
in a
plu m e s, thisiB als oin ac co rd withthe ?o u nd ob8 e r V ation8【5]･
M o u ntain 白ite n e a 8 u re m e ntS Ofthe S OB C O n C e ntratio n 自in KytlBLlm c a nbe c o n side r ed a 8
v e ry go od m ea 8 u re 8for thelo ng- r a nge tran sport Ofv olc a nic ga 8in thi8 ar ea . The N O A A data,
with a highfrequ e n cy ofobser vation inte r v al, n aybe go od info rm atio nto 8t11dythi8pr oble m.
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A8 for the d 由pe粕io n patte r n ofthe v olc a nic plu m e s, the vertical Shear m odel[句w a8
fo u ndto de s c ribe gT O 自Sfeatu re sin m o 自tC aBeB占ttldied he r e. Itis v e ryintere stingto ap plythe
LagT a ngia n Pa rticle m odel【11】to de s cribe qu a ntitativ e a 8pe Ct8 0fplll ne di8pe r 8io n. We c an
als o unde r8ta ndthe e m如io n rate of S O皇 a nd it8 tim e variation by m e 8nB Ofthe c orrelatio n
&pectr o mete r m e a 8 u r e m e nt8fr o m the gro tl nd[12].
It also r em ain stO e 8t,in ate qlla ntitativelythe pa rticle 8i2X)良 a nd de n Bitie 8 0f volcanic
cloud8 a nd aero s ol fro n 8 atellite 血ta.
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